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1
WIND TURBINE BLADE

RELATED APPLICATIONS

The present application 1s a Bypass continuation of Inter-
national Application Number PCT/JP2011/078602, filed on
Dec. 9, 2011, the disclosure of which 1s hereby incorporated
by reference herein 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to a wind turbine blade which
for a wind turbine generator.

BACKGROUND ART

In recent years, from a perspective of preserving the envi-
ronment, i1t 1s becoming popular to use a wind turbine gen-
erator generating power from wind power. In a wind turbine
generator, generally, anacelle 1s supported by an upper part of
a tower and a blade mounted to a hub 1s supported rotatably by
the nacelle. In such wind turbine generator, motion energy of
the wind 1s converted into the rotation energy of the blade
(specifically, the entire rotor including the blade) and the
rotation energy of the rotor 1s converted into electric power by
the generator.

The wind turbine blade used for the above wind turbine
generator, 1s desired to be lightweight to be supported at the
top of the tower and i1s desired to have high strength to be
subjected to the wind. This, fiber-reinforced plastic 1s often
used for the parts constituting the wind turbine blade. The
wind turbine blade conventionally includes, for instance, an
outer shell formed of reinforced-fiber plastic, spar caps (a
main reinforcement member) arranged on a suction side and
a pressure side of the outer shell, and a shear web (a spar
member) arranged between the spar caps.

As a conventional wind turbine blade, disposed 1n Patent
Literature 1 1s a wind turbine blade having a reimnforcement
member extending 1n a longitudinal direction of the blade and
a shear web. The reinforcement member of the wind turbine
blade 1s constituted of a part formed of carbon-fiber plastic
and a part formed of glass-fiber plastic 1n the longitudinal
direction. For instance, the part formed of glass-fiber plastic 1s
arranged on a root side of the blade and the part formed of
carbon-fiber plastic 1s arranged on a tip side of the blade (see
FIG. 3). Generally, carbon-fiber plastic has higher strength
than glass-fiber plastic. By using two different types of plastic
materials for the reinforcement member as described above,
the blade can be configured with high strength at low cost.

In Patent Literature 2, the wind turbine blade includes a
part of the outer shell on the blade tip side 1s formed of a first
fiber-containing polymer and a part of the outer shell on the
blade root side 1s formed of a second fiber-containing poly-
mer (see FIG. 2). For mstance, a combination of the first
fiber-containing polymer and the second fiber-containing
polymer may be a combination of carbon-fiber plastic and
glass-fiber plastic. To obtain enough strength 1n a transition
zone between different materials, boundary surfaces where
the carbon-fiber plastic 1s replaced by glass-fiber plastic may
be displaced 1n relation to the other faces 1n a blade-cross-
section (see FIG. 5).

As described above, the wind turbine blade 1s desired to be
lightweight and have high strength. In addition to those, the
wind turbine blade 1s desired to have lightning protection as
the wind turbine blade 1s arranged at a high place on top of the
tower and 1s easily subjected to lightming. In view of this,
Patent Literature 3 proposes a lightning protection device
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2

having a lightning receptor on a surface of the wind turbine
blade. The lightning protection device grounds lightning cur-
rent via a connection device such as a conductive wire.

CITATION LIST
Patent Literature

[PTL 1]
WO 2003/093672 A
[PTL 2]

U.S. Pat. No. 7,364,407 B
[PTL 3]

TP 2007-170268 A

SUMMARY OF INVENTION
Technical Problem

As described above, the wind turbine blade 1s desired to be
lightweilght and have high-strength as well as excellent light-
ning protection. However, 1t was difficult to produce a wind
turbine blade having all of the above characteristics. For
instance, the wind turbine blade may be configured as
described in Patent Literature 1 such that the blade tip side 1s
formed of carbon-fiber plastic so as to achieve lightweight
and high-strength of the blade. However, the blade tip side 1s
susceptible to lightming and the use of carbon-fiber plastic
which with conductive property increases the chance of light-
ening hitting the carbon-fiber plastic forming the blade tip
side of the blade. When the lightning strikes the carbon fiber
plastic, electric current tlows along the carbon-fiber plastic
and the blade 1s likely to be extensively damaged. Further-
more, it 1s harder to repair the carbon-fiber plastic than the
glass-fiber plastic.

As one example shown in Patent Literature 2, the outer
shell may be formed of the glass-fiber plastic on the blade tip
side and of the carbon-fiber plastic on the blade root side so as
to reduce the chance of lightning strikes. However, the car-
bon-fiber plastic 1s exposed to the outer surface of the blade
and 1t 1s unavoidable that lightning may strike the carbon fiber
plastic directly, which leads to damaging the wind turbine
blade. Further, by suing on the outer shell a large amount of
the carbon-fiber plastic, which 1s expensive, the production
cost of the wind turbine blade rises.

In Patent Literature 3, elements besides the lightning pro-
tection, 1.e. reduction mn weight and enhancement of the
strength are not mentioned.

In view of the above 1ssues, it 1s an object of the present
invention to provide a wind turbine blade, which 1s light-
weight and has high-strength and superior lightning protec-
tion.

Solution to Problem

As an aspect of the present invention, a wind turbine blade
having a lightning protection function may include, but 1s not
limited to:

an outer shell;

a spar arranged 1n a space 1nside the outer shell and extends
in a longitudinal direction of the blade;

a spar cap which 1s formed by a carbon-fiber plastic lami-
nated member disposed on a blade root side and a glass-fiber
plastic laminated member disposed on a blade tip side that are
connected together, said spar cap supporting the spar to the
outer shell; and

a lightning protection unit.
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The lightning protection unit may include, but 1s not lim-
ited to:

a receptor for recerving lightning which 1s provided 1n the
outer shell on a side where the glass-fiber plastic laminated
member 1s arranged;

a down conductor which directs lightning current received
by the receptor mto the ground or the water; and

a conductive metal member which covers the outer shell on
a side where the carbon fiber plastic laminated member 1s
arranged.

According to the wind turbine blade, the blade root side of
the spar cap 1s formed of the carbon-fiber plastic having high
strength and light weight and the blade tip side of the spar cap
1s formed of the glass-fiber plastic laminated body whose
strength 1s not as high as the carbon-fiber plastic but is high to
a certain degree and which 1s less likely to attract lightning
strikes. In this manner, 1t 1s possible to achieve high strength
and light weight of the wind turbine blade and also to improve
lightning protection of the wind turbine blade. Particularly,
the carbon-fiber plastic 1s easily damaged by lightning strike.
Thus, by arranging the carbon-fiber plastic 1n the area other
than the blade tip part which 1s more subjected to lightning,
the wind turbine blade 1s protected from damage even when

ightning strikes.

Further, the carbon-fiber plastic normally has high strength
and 1s expensive. Thus, by using the carbon-fiber plastic only
in the blade root side of the spar cap where strength 1s most
required 1n the wind turbine blade, 1t 1s possible to reduce the
production cost while still maintaining the strength of the spar
cap.

The spar cap 1s provided between an end of the shear web
and an 1nner periphery of the outer shell. The spar cap 1s a
main structural member that extends 1n the longitudinal direc-
tion of the wind turbine blade.

In the above wind turbine blade, as the lightning protection
unit, the receptor for receiving lightning 1s provided in the
outer shell on the side where the glass-fiber plastic laminated
member 1s arranged. In this manner, by providing the receptor
on the blade tip side where lightning 1s more likely to strike,
it 1s easier to collect the lightning current to the receptors,
thereby preventing lightning from striking other parts.

The above lightning protection unit includes a conductive
metal member which covers the outer shell on the side where
the carbon fiber plastic laminated member 1s arranged. By
this, 1t 1s possible to avoid direct lightning strike to the carbon-
fiber plastic laminated member, thereby preventing breakage
of the carbon-fiber plastic. Furthermore, the lightning current
flows along the carbon-fiber plastic and thus, it 1s possible to
prevent the wind turbine blade from being extensively dam-
aged.

In the above wind turbine blade, the glass-fiber plastic
laminated member may be connected to the carbon-fiber plas-
tic laminated member at a connection part which 1s arranged
at /s to 12 of an entire length of the wind turbine blade from
a blade tip, the carbon-fiber plastic laminated member being
arranged on the blade root side of the connection part.

It 1s known that in the wind turbine blade, normally light-
ning 1s likely to strike a zone between /4 and 12 of the entire
length of the wind turbine blade from the blade tip. Thus, by
arranging the glass fiber plastic in the zone, it 1s possible to
prevent lightning strike to the carbon-fiber plastic on the
blade root side. In such a case that the connection part 1s
arranged less than 4 of the entire length of the wind turbine
blade from the blade tip, the carbon-fiber plastic extends to
the zone with higher possibility of lightning strikes, which 1s
not preferably. In contrast, in such a case that the connection
part 1s arranged beyond Y2 of the entire length of the wind
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4

turbine blade from the blade tip, the use of the glass-fiber
plastic increases, which interferes with reduction 1n weight of
the wind turbine blade.

In the above wind turbine blade, the receptor may be a
conductive disc receptor which 1s embedded 1n a vicinity of a
blade tip of the wind turbine blade.

Generally, the disc receptor can be installed easily and at
low cost. By embedding the disc receptor near the blade tip,
the lightning protection unit can be installed to the wind
turbine blade easily and at low cost. As the blade tip of the
wind turbine blade 1s more subjected to lightning strikes, the
disc receptor may be provided 1n a zone near the blade tip so
as to attract lightning strikes to the receptor. The lightning
current 1s smoothly led through the down conductor into the
ground or the water.

Alternatively, the receptor may be a conductive disc recep-
tor which 1s provided in a surface of the wind turbine blade
between a blade tip and a blade root.

By embedding the disc receptor in the surface of the wind
turbine blade between the blade tip and the blade root, the
lightning protection unit can be nstalled to the wind turbine
blade easily and at low cost.

In such a case that the receptor 1s a disc receptor, a plurality
of the disc receptors may be embedded on a pressure side and
a suction side of the wind turbine blade, the plurality of the
disc receptors being connected to a base plate provided 1n the
wind turbine blade, and the base plate electronically may
connect the plurality of the disc receptors to the down con-
ductor.

By attaching the disc receptors to the base plate and con-

necting the base plate to the down conductor electrically, 1t
becomes easy to install the disc receptors to the wind turbine
blade.

In such a case that the receptor 1s a disc receptor, the down
conductor may be arranged 1n a tower supporting a hub to
which the wind turbine blade 1s connected and allows the
lightning current recerved by the disc receptors to tlow into
the ground or the water, and the disc receptors and the base
plate may be connected to the down conductor so that heat
expansion and heat shrink 1s absorbed.

In this manner, the disc receptor and the base plate are
connected to the down conductor so that the heat expansion
and heat shrink can be absorbed. Thus, even when parts in the
wind turbine generator thermally expand or shrink due to
temperature difference outside and so on, the down conductor
1s kept electrically connected to the disc receptor and the base
plate.

In such case, the down conductor may be connected to one
of the base plate and the disc receptors via a heat shrinkable
tube which 1s conductive.

In the above wind turbine blade, the down conductor may
be arranged along the spar.

In this manner, by arranging the down conductor along the
spar, 1t 1s possible to prevent damage to the down conductor
caused by oscillation of the down conductor due to the rota-
tion of the wind turbine blade.

In the above wind turbine blade, a plurality of the receptors
may be provided, the plurality of the receptors including a rod
receptor, the rod receptor may be formed by a base part and a
lightning recerving part, the base part may be arranged 1n the
space 1nside the outer shell in such a state that the base part 1s
fixed to the base plate, and the outer shell of the wind turbine
blade may be cut at a blade tip to form an opening at the blade
tip, and the lightning receiving part and the base part may be
coupled by 1inserting the lightning recerving part in the open-
ing.
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Normally, the rod receptor 1s attachable 1n the edge direc-
tion of the blade and thus, the rod receptor can be easily
arranged at the blade tip of the wind turbine blade. Further, the
rod receptor 1s formed by the base part and the lightning
receiving part, and the lightning receiving part 1s imserted
through the opening and connected to the base part fastened to
the base plate and thus, the receptor can be nstalled easily to
the wind turbine blade.

In the above case, the rod receptor and the base plate may
be coupled together by a conductive fastening member.

By this, while maintaining enough conductivity, the rod
receptor can be detachably fixed with respect to the base plate.

In the above wind turbine blade, an abutting position of a
connection part between the carbon-fiber plastic laminated
member and the glass-fiber plastic laminated member may
change gradually 1n a thickness direction of the wind turbine
blade.

Normally, the strength declines at the connection part
between different materials. However, by gradually changing
the abutting position of the connection part between the car-
bon-fiber plastic laminated member and the glass-fiber plastic
laminated member 1n the thickness direction, 1t 1s possible
secure enough strength to prevent deformations such as buck-
ling.

In the above wind turbine blade, the spar cap may be
formed by respectively stacking carbon-fiber plastic layers
and glass-fiber plastic layers and impregnating the stacked
layers with resin to form an integral piece using vacuum
impregnation.

Advantageous Effects of Invention

According to present invention as described above, the
blade root side of the spar cap 1s formed of the carbon-fiber
plastic having high strength and light weight and the blade tip
side of the spar cap 1s formed of the glass-fiber plastic lami-
nated body whose strength 1s not as high as the carbon-fiber
plastic but 1s high to a certain degree and which 1s less likely
to attract lightning strikes. In this manner, it 1s possible to
achieve high strength and light weight of the wind turbine
blade and also to improve lightning protection of the wind
turbine blade. Particularly, the carbon-fiber plastic 1s easily
damaged by lightming strike. Thus, by arranging the carbon-
fiber plastic 1n the area other than the blade tip part which 1s
more subjected to lightning, the wind turbine blade 1s pro-
tected from damage even when lightning strikes.

Further, the carbon-fiber plastic normally has high strength
and 1s expensive. Thus, by using the carbon-fiber plastic only
in the blade root side of the spar cap where strength 1s most
required 1n the wind turbine blade, 1t 1s possible to reduce the
production cost while still maintaining the strength of the spar
cap.

In the above wind turbine blade, as the lightning protection
unit, the receptor for receiving lightning 1s provided in the
outer shell on the side where the glass-fiber plastic laminated
member 1s arranged. In this manner, by providing the receptor
on the blade tip side where lightning 1s more likely to strike,
it 1s easier to collect the lightning current to the receptors,
thereby preventing lightning from striking other parts.

The above lightning protection unit includes a conductive
metal member which covers the outer shell on the side where
the carbon fiber plastic laminated member 1s arranged. By
this, 1t 1s possible to avoid direct lightning strike to the carbon-
fiber plastic laminated member, thereby preventing breakage
of the carbon-fiber plastic. Furthermore, the lightning current
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flows along the carbon-fiber plastic and thus, 1t 1s possible to
prevent the wind turbine blade from being extensively dam-
aged.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows an exemplary configuration of a wind turbine
generator.

FIG. 2 1s a plain view of the wind turbine blade regarding,
an embodiment of the present invention.

FIG. 3 1s a cross-sectional view taken along a line A-A of
FIG. 2.

FIG. 4 1s an explanatory view showing a spar cap.

FIG. 5 1s an enlarged cross-sectional view showing an
example ol a connection part between a carbon-fiber plastic
laminated member and a glass-fiber plastic laminated mem-
ber.

FIG. 6 1s an enlarged cross-sectional view showing another
example of a connection part between a carbon-fiber plastic
laminated member and a glass-fiber plastic laminated mem-
ber.

FIG. 7 1s an explanatory view of a lightning protection
device.

FIG. 8 shows a configuration example of a rod receptor.

FIG. 9A 1s a perspective 1llustration of an example of an
arrangement ol the down conductor.

FIG. 9B 1s a cross-sectional view taken along a line C-C of
FIG. 9A.

FIG. 10 shows
down conductor.

a specific configuration example of the

DESCRIPTION OF EMBODIMENTS

A preferred embodiment of the present invention will now
be described in detail with reference to the accompanying,
drawings. It 1s mtended, however, that unless particularly
specified, dimensions, materials, shape, 1ts relative positions
and the like shall be interpreted as 1llustrative only and not
limitative of the scope of the present invention.

As shown in FIG. 1, a wind turbine generator 100 includes
at least one blade 1 (three blades m this example), a hub to
which the blade 1 1s fixed, a nacelle 3 which supports a rotor
including the blade 1 and the hub 2 and a tower which sup-
ports the nacelle 3 rotatably. The rotation of the rotor 1s
inputted to a generator (not shown) to generate electric power
in the generator.

The blade 1 1s fixed to the hub 2 by fixing a blade root of the
blade 1 to the hub by a fastening member.

The tower 4 1s 1nstalled upright on a base 5. The base 3 1s
arranged on shore 1n the case of an onshore wind turbine
generator or ol shore in the case of an offshore wind turbine
generator. The wind turbine generator 1 regarding the
embodiment 1s applicable to both the onshore and offshore
wind turbine generators.

As shown 1n the plain view of the wind turbine blade of
FIG. 2, the wind turbine blade 1 has a long shape extending
from a blade root 1A connected to the hub to a blade tip 1B.

FIG. 3 1s a cross-sectional view taken along a line A-A of
FIG. 2. FI1G. 3 shows the wind turbine blade 1 mainly includ-
ing an outer shell 11, a spar cap (main structural member) 16,
a shear web (a spar) 18 and a lightning protection unit. The

configuration of the lightning protection unit 1s described

later 1n details.

The spar cap 16 1s formed of fiber-reinforced plastic (FRP).
The outer shell 11 forms a blade shape of the wind turbine

blade together with other parts. The outer shell and the other

parts may be formed of, for instance, glass-fiber plastic layers
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or core materials. This 1s not limitative and parts other than the
spar cap 16 may be formed simply by arranging a glass-fiber
plastic laminated member, a glass-fiber plastic foam or the
like.

The shear web 18 1s arranged 1n a space inside the outer
shell 11 and extends 1n a longitudinal direction of the blade.
The shear web 18 connects the spar cap 16 disposed on the
suction side and the spar cap 16 disposed on the pressure side
to enhance the strength of the wind turbine blade 1. A distance
between the shear web 18 disposed on the leading edge side
and the shear web 18 disposed on the trailing edge side may
be constant or may be changed 1n proportion to a chord
length.

The spar cap 16 1s provided between an end of the shear
web 18 and a member which forms the blade shape of the
wind turbine blade 1, such as the outer shell 11. The spar cap
16 1s a structural member that extends in the longitudinal
direction of the wind turbine blade 1. The spar cap 16 is
tormed by a pair of the spar cap 16 disposed on the suction
side and the spar cap 16 disposed on the pressure side. In this
manner, the spar cap 16 1s arranged with respect to the shear
web 18 and the number of the spar caps 16 1s determined
based on the number of the shear web 18.

The spar cap 16 has a certain width (a length in the chord
direction (a vertical direction 1n FIG. 4) from a blade root side
1A to a blade tip side 1B. FIG. 4 1s an explanatory view of the
spar cap 16. The spar cap 16 1s formed by a carbon-fiber
plastic laminated member 161 disposed on the blade root side
1A and a glass-fiber plastic laminated member 162 disposed
on the blade tip side 1B that are connected together. The
carbon-fiber plastic laminated member 161 1s formed by
stacking a plurality of carbon fiber plastic layers. In a stmilar
manner, the glass-fiber plastic laminated member 162 1s
tormed by stacking a plurality of glass fiber plastic layers.

The spar cap 16 1s preferably configured such that the
glass-fiber plastic laminated member 162 1s connected to the
carbon-fiber plastic laminated member 161 at a connection
part 165 which 1s arranged at '8 to 12 (LL1) of an entire length
L. of the wind turbine blade 1 from the blade tip 1B, and the
carbon-fiber plastic laminated member 161 1s arranged on the
blade root side 1A of the connection part 165.

Lightning tends to strike a zone L1, 1.e. Y4 to %2 of the entire
length L of the wind turbine blade 1 from the blade tip 1B.
Thus, by arranging the glass-fiber plastic 162 in the zone L1,
it 1s possible to prevent the lightning from striking the carbon
fiber plastic 161 disposed on the blade root side 1A. In such a
case that the connection part 163 1s arranged less than 4 of the
entire length L of the wind turbine blade 1 from the blade tip
1B, the carbon-fiber plastic 161 extends to the zone with
higher possibility of lightming strikes, which 1s not preferably.
In contrast, 1n such a case that the connection part 165 is
arranged beyond % of the entire length L of the wind turbine
blade 1 from the blade tip 1B, the use of the glass-fiber plastic
162 increases, which iterferes with reduction in weight of
the wind turbine blade 1.

FIG. 5 1s an enlarged cross-sectional view showing an
example of the connection part 165 between the carbon-fiber
plastic laminated member 161 and the glass-fiber plastic
laminated member 162.

As shown in FIG. 5, preferably an abutting position of the
connection part 165 between the carbon-fiber plastic lami-
nated member 161 and the glass-fiber plastic laminated mem-
ber 162 changes gradually 1n a thickness direction of the wind
turbine blade 1 (1n the vertical direction 1n FIG. 5).

Normally, the strength declines at the connection part
between different materials. However, by gradually changing,
the abutting position of the connection part 165 between the
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carbon-fiber plastic laminated member 161 and the glass-
fiber plastic laminated member 162 1n the thickness direction,
it 1s possible secure enough strength to prevent deformations

such as buckling.

The spar cap 16 may be formed by respectively stacking
carbon-fiber plastic layers and glass-fiber plastic layers and
impregnating the stacked layers with resin to form an integral
plece using vacuum impregnation. According to the method,
first the carbon-fiber plastic layers and the glass-fiber plastic
layers are stacked on a shaping die such that the abutting
position changes gradually 1n the thickness direction, and
then the stacked layers are covered by a bag film (a vacuum
bag). Meanwhile, between the bag film and the carbon-fiber
plastic layers and the glass-fiber plastic layers, a parting film
and a mesh sheet are 1nstalled. Next, the bag film 1s suctioned
to a vacuum state and resin 1n a liquid form 1s 1njected to the
bag film and allows the resin to harden. Once the resin
becomes hardened, the parting {ilm 1s detached to remove the
bag film and the mesh sheet, thereby obtaining the spar cap 16
formed of the carbon-fiber plastic laminated member and the
glass-fiber plastic laminated member.

According to another method shown in FIG. 6, the carbon-
fiber plastic laminated member may be formed first. In such
case, the carbon-fiber plastic laminated member 1s formed
such that the end of the carbon-fiber plastic laminated mem-
ber changes gradually. The carbon-fiber plastic laminated
member may be formed by the vacuum impregnation as
described above or another shape-forming method. Then, the
carbon-fiber plastic laminated member 1s placed on the shap-
ing die and the glass-fiber plastic layers are stacked such that
ends of the layers are abutted to the end of the carbon-fiber
plastic laminated member. Over a top surface of the carbon-
fiber plastic laminated member and the glass-fiber plastic
layers that are abutted, the parting film and the mesh sheet are
placed and then covered by the bag film to be sealed. The bag
f1lm 1s suctioned to a vacuum state and a resin in a liquid form
1s 1njected to the bag film to allow the resin to harden. Once
the resin becomes hardened, the parting film 1s detached to
remove the bag film and the mesh sheet, thereby obtaining the
spar cap 16 formed of the carbon-fiber plastic laminated
member and the glass-fiber plastic laminated member. In the
shape-forming method 1llustrated 1n FIG. 6, instead of shape-
forming the carbon-fiber plastic laminated member 1n
advance, the glass-fiber plastic laminated member may be
shape-formed 1n advance.

In this manner, the spar cap 16 can be produced easily using,
vacuum 1mpregnation without using large-scale devices

The lightning protection umt of the embodiment 1s now
explained 1n details in reference to FIG. 2 and FIG. 3.

The lightming protection unit mainly includes receptors 21,
23 for recerving lightning, a base plate 25, a down conductor
26 and a metal member 41 covering the outer shell 11.

The metal member 41 1s conductive and covers the outer
shell 11 on the blade root side 1A, 1.e. the side where the
carbon-fiber plastic laminated member 161 1s arranged. As
the metal member 41, copper, aluminum or the like may be
used. The metal member 41 may be 1n a mesh form or 1n a foil
form. The metal member 41 is preferably connected to the
base plate 25 or the down conductor 26.

By this, lightning current of the lightning striking the blade
root side 1s directed along the metal member 41. Thus, 1t 1s
possible to avoid high current passing through the carbon-
fiber plastic laminated member 161. As a result, it 1s possible
to protect the carbon-fiber plastic laminated member 161
from breakage and to prevent the wind turbine blade from
being extensively damaged.
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The receptors 21, 23 are described as receiving parts and
formed of conductive metal material such as aluminum, cop-
per, stainless steel or alloy of the aforementioned metals. The
receptors 21, 23 are used to allow the lightning current to
sately flow 1nto the ground (into the water 1n the case of the
offshore wind turbine generator). In the wind turbine blade 1
of the embodiment, the receptors 21, 23 are installed 1n the
outer shell 11 on the blade tip side, 1.¢. the side where mainly
the glass-fiber plastic laminated member 162 1s arranged, in
such a manner that the receptors 21, 23 are exposed to the
outer surface. As thereceptors 21, 23, adisc receptor 21, arod
receptor 23 or a tip receptor (not shown) may be used.

In an exemplary case 1illustrated in FIG. 2 and FIG. 3, the
disc receptors 21 and the rod receptor 23 are provided.

The disc receptors may be embedded in the vicinity of the
blade tip 1B of the wind turbine blade 1, or may be provided
on a surface between the blade tip 1B and the blade root 1A of
the wind turbine blade 1. Further, a plurality of the disc
receptors 21 may be embedded on the suction side and the
pressure side of the wind turbine bade 1.

Generally, the disc receptor 21 can be 1nstalled easily and at
low cost. By embedding the disc receptors 21 near the blade
tip 1B or between the blade tip 1B and the blade root 1A, the
lightning protection unit can be installed to the wind turbine
blade 1 easily and at low cost. As the blade tip 1B of the wind
turbine blade 1 1s more subjected to lightning strikes, the disc
receptors 21 may be provided in a zone near the blade tip 1B
so as to attract lightning strikes to the receptor 21. The light-
ning current 1s smoothly led through the base plate 25 and the
down conductor 26 into the ground or the water.

The base plate 25 1s formed of a conductive material and 1s
embedded in the wind turbine blade 1. A plurality of the disc
receptors 21 are fixed to the base plate 25 such that the disc
receptors 21 are electrically connected to the base plate 25.
Specifically, the base plate 25 has flat surfaces on the pressure
side and the suction side respectively and each of the flat
surfaces has a screw hole 25a where the disc receptor 21 1s
threadedly engaged. In contrast, the disc receptor 21 includes
a lightning receiving part 21 of a disc type and a base part 215
of a shaft type which extends from the lightning recerving part
21a. The disc receptor 21 1s fixed to the base plate 25 by
inserting the base part 215 via a through-hole of the outer
shell 11 and threadedly engaging the base part 215 1nto the
screw hole 254 of the base plate 25 embedded mnside the wind
turbine blade 1.

FIG. 7 1s an explanatory view of the lightning protection
device.

As shown 1n FIG. 7, the base plate 25 to which the disc
receptors 21 are installed 1s fixed to a terminal by means of a
fastening member 32. The terminal 31 and the down conduc-
tor 26 are physically connected by a heat shrinkable tube 35.
The terminal and the heat shrinkable tube 35 are both con-
ductive. Thus, the base plate 25 and the down conductor 26
are electrically connected. In this manner, the disc receptor 21
and the base plate 25 are connected to the down conductor 26
so that the heat expansion and heat shrink can be absorbed by
the heat shrinkable tube 35. Thus, even when parts 1n the wind
turbine generator 100 thermally expand or shrink due to tem-
perature difference outside and so on, the down conductor 26
1s kept electrically connected to the disc receptor 21 and the
base plate 25.

FIG. 8 shows an enlarged view showing a configuration
example of the rod receptor.

As shown 1n FIG. 8, the rod receptor 23 1s provided in the
blade tip part 16 and arranged toward the edge. The rod
receptor 23 1s formed by a lightning recerving part 23a of a
rod type and a base part 235 of a shait type extending from the
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lightning recerving part 23a. At one end of the base part 23 1n
the axial direction, a projection 2351 1s formed to be fixed to
the base plate 25. At other end of the base part 23 in the axial
direction, a hole 2352 1s formed and the lightning receiving
part 23a 1s 1nstalled 1n the hole 2352. At one end of the
lightning recerving part 23a, a projection 2341 1s formed and
the projection 2341 1s fixed to the hole 2352 of the base part
23b. The hole 2352 of the base part 235 1s internally threaded

by screw cutting, whereas the projection 234l of the lightning
receiving part 23a 1s externally threaded so that the hole 23562
and the projection 23a1 mate with each other.

The base plate 25 arranged 1nside the wind turbine blade 1
1s formed with a hole on the blade tip side. In the hole, the
projection 2351 of the base part 235 1s inserted and fixed by a
conductive fastening member 29. By this, while maintaining
enough conductivity, the rod receptor 23 1s detachably fixed
with respect to the base plate 25.

As shown 1n FIG. 7, the outer shell 11 of the wind turbine
blade 1 1s cut at the blade tip 1B to form an opening 27.
Through the opening 27, the base part 23 being fastened to the
base plate 25 1s partially exposed. When assembling the rod
receptor 23, the projection 23al of the lightning recerving
part 23a 1s 1serted through the opening 27 and threadedly
engaged in the hole 2352 of the base part 235 so as to connect
the lightning receiving part 23a to the base part 235.

The lightning current received at the rod receptor 23 1s
directed smoothly through the base plate 25 and the down
conductor into the ground or 1nto the water.

Normally, the rod receptor 23 1s attachable in the edge
direction of the blade 1 and thus, the rod receptor 23 can be
casily arranged at the blade tip 1B of the wind turbine blade 1.
Further, the rod receptor 23 1s formed by the base part 235 and
the lightning receiving part 23a, and the lightning recerving
part 23a 1s mserted through the opening 27 and connected to
the base part 235 fastened to the base plate 25 and thus, the rod
receptor 23 can be installed easily to the wind turbine blade 1.

The down conductor 26 1s explained in details 1n reference
to FIG. 1.

As shown 1n FIG. 1, the down conductor 26 1s conductive
and extends through the hub 2, the nacelle 3 and the tower 4
into the ground or the water so as to allow the lightning
current recerved by the disc receptor 21 or the rod receptor 23
to flow into the ground or the water. In other words, the
lightning current received by the disc receptor 21 or the rod
receptor 23 1s directed to the base plate 25 and then grounded
through the down conductor 26 into the ground or the water.

By attaching the disc receptors 21 or the rod receptor to the
base plate 25 and connecting the base plate 25 to the down
conductor 26 electrically, the lightning current received by
the disc receptors 21 or the rod receptor 23 i1s directed
smoothly outside the wind turbine generator 100 and it
becomes easy to install the disc receptors 21 or the rod recep-
tor 23 to the wind turbine blade 1.

FIG. 9A 1s a perspective 1llustration of an example of an
arrangement of the down conductor. FIG. 9B 1s a cross-
sectional view taken along a line C-C of FIG. 9A. As shown
in FIG. 9A, 1n an area where the shear web 18 1s arranged, the
down conductor 26 1s preferably arranged along the shear
web 18. Meanwhile, the down conductor 26 may be fixed to
a surface of the shear web 18 by a fixing member 38 as shown
in FIG. 9B.

In this manner, by arranging the down conductor 26 along,
the shear web 18, 1t 1s possible to prevent damage to the down
conductor 26 caused by oscillation due to the rotation of the
wind turbine blade 1. Further, the shear web 18 extends from
the blade tip side to the vicinity of the blade root 1A. In a part
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where the shear web 18 1s not arranged, the down conductor
26 15 arranged along an mner periphery of the outer shell 11.

The configuration example of the down conductor 26 1s
explained in details 1n reference to FIG. 10. The down con-
ductor 26 1s formed, for instance, by a plurality of copper
wires 261, a copper shield 262 covering the copper wires 261,
an msulator 263 covering the copper shield 262 and a rubber
jacket 264 covering the insulator 263.

The configuration of the down conductor 26 1s not limited
to the above configuration and the down conductor 26 may be
configured 1n any way as long as a conductor 1s covered by an
insulator.

According to the embodiment as described above, the spar
cap 16 1s configured such that the blade root side 1s formed of
the carbon-fiber plastic 161 having high strength and light
weight and the blade tip side 1B i1s formed of the glass-fiber
plastic laminated body 162 whose strength 1s not as high as
the carbon-fiber plastic but 1s high to a certain degree and
which 1s less likely to attract lightning strikes. In this manner,
it 1s possible to achieve high strength and light weight of the
wind turbine blade 1 and also to improve lightning protection
of the wind turbine blade 1. Particularly, the carbon-fiber
plastic 1s easily damaged by lightning strike. Thus, by arrang-
ing the carbon-fiber plastic in the area other than the blade tip
part 1B which 1s more subjected to lightning, the wind turbine
blade 1 1s protected from damage even when lightning strikes.

Further, the carbon-fiber plastic normally has high strength
and 1s expensive. Thus, by using the carbon-fiber plastic only
in the blade root side of the spar cap 16 where the strength 1s
most required 1n the wind turbine blade 1, 1t 1s possible to
reduce the production cost while still maintaining the strength
of the spar cap 16.

In the above wind turbine blade, as the lightning protection
unit, the receptors 21, 23 for recerving lightning are provided
in the outer shell 11 on the side where the glass-fiber plastic
laminated member 162 1s arranged. In this manner, by pro-
viding the receptors 21, 23 on the blade tip side 1B which 1s
more subjected to lightning strike, it 1s easier to collect the
lightning current to the receptors 21, 23, thereby preventing
lightning from striking other parts.

The above lightning protection unit includes a conductive
metal member 41 which covers the outer shell 11 on the side
where the carbon fiber plastic laminated member 161 1s
arranged. By this, 1t 1s possible to avoid direct lightning strike
to the carbon-fiber plastic laminated member 161, thereby
preventing the carbon-fiber plastic from being damaged. Fur-
thermore, the lightning current tflows along the carbon-fiber
plastic and thus, it 1s possible to prevent the wind turbine
blade 1 from being extensively damaged.

While the present invention has been described with refer-
ence to exemplary embodiments, 1t 1s obvious to those skilled
in the art that various changes may be made without departing
from the scope of the invention.

REFERENCE SIGNS LIST
1 WIND TURBINE BLADE
1A BLADE ROOT
1B BLADE TIP
2 HUB
3 NACELLE
4 TOWER
> BASE

11 OUTER SHELL
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21a LIGHTNING RECEIVING PART
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216 BASE PART

23 ROD RECEPTOR

23a LIGHTNING RECEIVING PART
236 BASE PART

29 FASTENING MEMBER

31 TERMINAL

32 FIXING MEMBER

35 HEAT SHRINKABLE TUB.
41 METAL MEMBER
161 CARBON-FIBER PLASTIC LAMINATED MEMB.
162 GLASS-FIBER PLASTIC LAMINATED MEMBER
261 COPPER WIRE

262 COPPER SHIELD

263 INSULATOR

264 RUBBER JACKET
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The invention claimed 1s:

1. A wind turbine blade having a lightning protection func-

tion, comprising;

an outer shell;

a spar arranged 1n a space 1nside the outer shell and extends
in a longitudinal direction of the blade;

a spar cap which 1s formed by a carbon-fiber plastic lami-
nated member disposed on a blade root side and a glass-
fiber plastic laminated member disposed on a blade tip
side that are connected together, said spar cap support-
ing the spar to the outer shell; and

a lightning protection unit comprising:

a receptor for recerving lightning which 1s provided 1n
the outer shell on a side where the glass-fiber plastic
laminated member 1s arranged;

a down conductor which directs lightning current
received by the receptor 1nto at least one of ground or
water;

a conductive metal member which covers a first part of
the outer shell on the blade root side where the carbon
fiber plastic laminated member 1s arranged but which
does not cover a second part of the outer shell on the
blade tip side where the glass-fiber plastic laminate
member 1s arranged; and

a base plate configured to support the receptor and dis-
posed 1n a space surrounded by the second part of the
outer shell on the blade tip side,

wherein the receptor 1s installed in the second part of the
outer shell on the blade tip side 1n such a manner that the
receptor 1s exposed at an outer surface of the wind tur-
bine blade,

wherein the receptor 1s electrically connected to the down
conductor via the base plate, the down conductor
extends from the blade tip side toward the blade root side
so as to direct the lightning current recerved by the
receptor toward the ground or water, and

wherein the conductive metal member 1s electrically con-
nected to at least one of the down conductor or the base
plate.

2. The wind turbine blade according to claim 1,

wherein the glass-fiber plastic laminated member 1s con-
nected to the carbon-fiber plastic laminated member at a
connection part which is arranged at 14 to 12 of an entire
length of the wind turbine blade from a blade tip, the
carbon-fiber plastic laminated member being arranged
on the blade root side of the connection part.

3. The wind turbine blade according to claim 1,

wherein the receptor 1s a conductive disc receptor which 1s
embedded 1n a vicinity of a blade tip of the wind turbine

blade.
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4. The wind turbine blade according to claim 1,

wherein the receptor 1s a conductive disc receptor which 1s
provided 1n a surface of the wind turbine blade between
a blade t1p and a blade root.

5. The wind turbine blade according to claim 4,

wherein a plurality of the disc receptors are embedded on a
pressure side and a suction side of the wind turbine
blade, the plurality of the disc receptors being connected
to the base plate, and

wherein the base plate electronically connects the plurality

of the disc receptors to the down conductor.
6. The wind turbine blade according to claim 4,
wherein the down conductor 1s arranged 1n a tower sup-
porting a hub to which the wind turbine blade 1s con-
nected and allows the lightning current received by the
disc receptors to tlow 1nto ground or water, and

wherein the disc receptors and the base plate are connected
to the down conductor so that heat expansion and heat
shrink 1s absorbed.

7. The wind turbine blade according to claim 6,

wherein the down conductor 1s connected to one of the base

plate and the disc receptors via a heat shrinkable tube
which 1s conductive.

8. The wind turbine blade according to claim 1,

wherein the down conductor 1s arranged along the spar.

9. The wind turbine blade according to claim 8, wherein the
down conductor 1s attached on a surface of a shear web via a
fixing member 1n a region where the shear web exists,
whereas the down conductor 1s provided along an 1nner sur-
face of the outer shell.

10. The wind turbine blade according to claim 1,

wherein a plurality of the receptors are provided, the plu-

rality of the receptors including a rod receptor,

wherein the rod receptor 1s formed by a base part and a

lightning receiving part,

wherein the base part 1s arranged 1n the space inside the

outer shell in such a state that the base part 1s fixed to the
base plate, and
wherein the outer shell of the wind turbine blade 1s cut at a
blade tip to form an opening at the blade tip, and

wherein the lightning receiving part and the base part are
coupled by inserting the lightning receiving part in the
opening.

11. The wind turbine blade according to claim 10,

wherein the rod receptor and the base plate are coupled

together by a conductive fastening member.
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12. The wind turbine blade according to claim 1,

wherein an abutting position of a connection part between
the carbon-fiber plastic laminated member and the glass-
fiber plastic laminated member changes gradually 1n a
thickness direction of the wind turbine blade.

13. The wind turbine blade according to claim 1,

wherein the spar cap 1s formed by respectively stacking
carbon-fiber plastic layers and glass-fiber plastic layers
and impregnating the stacked layers with resin to form
an 1tegral piece using vacuum impregnation.

14. A wind turbine blade having a lightning protection

function, comprising:

an outer shell;

a spar arranged 1n a space 1nside the outer shell and extends
in a longitudinal direction of the blade;

a spar cap which 1s formed by a carbon-fiber plastic lami-
nated member disposed on a blade root side and a glass-
fiber plastic laminated member disposed on a blade tip
side that are connected together, said spar cap support-
ing the spar to the outer shell; and

a lightning protection unit comprising;:

a receptor for recerving lightning which 1s provided in the
outer shell on a side where the glass-fiber plastic lami-
nated member 1s arranged;

a down conductor which directs lightning current received
by the receptor 1nto at least one of ground or water; and

a conductive metal member which covers the outer shell on
the blade root side where the carbon fiber plastic lami-
nated member 1s arranged; and

a base plate configured to support the receptor and dis-
posed 1n a space surrounded by the outer shell on the
blade tip side,

wherein the receptor 1s attached to the outer shell on the
blade tip side 1 such a manner that the receptor 1s
exposed at an outer surface of the outer shell on the blade
tip side, and

wherein the receptor 1s electrically connected to the down
conductor via the base plate, the down conductor
extends from the blade tip side toward the base root side
so as to direct the lightning current recerved by the
receptor toward the ground or water, and the conductive
metal member 1s electrically connected to the down
conductor or the base plate; and

wherein the down conductor 1s attached on a surface of a

shear web via a fixing member 1n a region where the

shear web exists, whereas the down conductor 1s pro-
vided along an 1nner surface of the outer shell.
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